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ABSTRACT

BACKGROUND: Although processes of care are common proxies for health care quality, their associations
with medical outcomes remain uncertain.
METHODS: For 2076 patients hospitalized with pneumonia from 32 emergency departments, we used
multilevel logistic regression modeling to assess independent associations between patient outcomes and
the performance of 4 individual processes of care (assessment of oxygenation, blood cultures, and rapid
initiation [�4 hours] and appropriate selection of antibiotic therapy) and the cumulative number of
processes of care performed.
RESULTS: Overall, 141 patients (6.8%) died. Mortality was 0.3% to 1.7% lower for patients who had each
of the individual processes of care performed (P �.13 for each comparison); mortality was 7.5% for
patients who had 0 to 2 processes of care, 7.2% for those with 3 processes of care, and 5.8% for those with
all 4 processes of care performed (P � .39). Mortality was not significantly associated with either
individual or cumulative process measures in multivariable models.
CONCLUSION: Neither the individual processes of care nor the cumulative number performed is associated
with short-term mortality for pneumonia.
Published by Elsevier Inc. • The American Journal of Medicine (2011) 124, 1175.e9-1175.e17
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Over the past decade, evidence-based processes of care have
been the primary targets of national efforts to improve the
quality of care for patients with pneumonia.1-6 The Joint
Commission on Accreditation of Healthcare Organiza-
tions uses these measures in its national hospital accred-
itation program, and the Centers for Medicare & Medic-
aid Services (CMS) link them to public reporting and
pay-for-performance initiatives.7-10 Although secular im-
provements in mortality, hospital length of stay, and read-
mission have been documented during a similar time frame
as improvements in hospital performance of processes of
care,11-13 direct associations between improved perfor-

ance of pneumonia-specific processes of care and patient
utcomes remain unclear.

Although some observational studies have demonstrated

ignificant associations between performance of blood cul-
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tures, rapid initiation of antibiotic therapy, appropriate se-
lection of antibiotic therapy, and improved outcomes for
patients hospitalized with pneumonia,14-19 not all studies
ave demonstrated these results.20-22 The majority of these
tudies were retrospective,15-20 small,14,19,21 or conducted at
single site,14,21 and had imper-

fect adjustment for severity of ill-
ness at presentation and limited
assessment of patient-centered med-
ical outcomes. To our knowledge,
no studies have reported dose-
response associations between the
number of recommended processes
of care performed and patient out-
comes. We studied the associations
between the performance of evi-
dence-based processes of care and
short-term mortality and other med-
ical outcomes in patients hospital-
ized with pneumonia in the Emer-
gency Department Community-
Acquired Pneumonia (EDCAP)
Trial.23

MATERIALS AND METHODS

Study Design and Patient
Eligibility
We studied hospitalized patients enrolled in a multicenter,
cluster-randomized study performed at hospital emergency
departments in Connecticut (n � 16) and Pennsylvania
(n � 16) between January and December 2001.23 Study sites

ere randomized to low-intensity (n � 8), moderate-inten-
ity (n � 12), or high-intensity (n � 12) guideline imple-
entation strategies to promote performance of evidence-

ased processes of care for pneumonia and to use the
neumonia Severity Index (PSI) to guide the initial site of

reatment decision. The PSI is a validated prediction rule for
neumonia prognosis that stratifies patients into 5 classes of
isk for mortality.24 Institutional review boards responsible
or all sites approved the trial. EDCAP study methods and
ndings on the interventions’ effectiveness and safety have
een reported.23,25

We enrolled adult patients (aged � 18 years) with clini-
al and radiographic evidence of pneumonia. We excluded
atients with hospital-acquired pneumonia, immunosup-
ression, specified conditions (eg, cystic fibrosis, preg-
ancy), or psychosocial or substance abuse problems in-
ompatible with outpatient treatment or follow-up.

We defined inpatient treatment as hospital admission,
ransfer from an emergency department to an inpatient hos-
ital observation unit, or admission to an emergency depart-
ent observation unit with discharge to any setting more

han 24 hours after presentation. The current study focuses
xclusively on inpatients, because most data linking pro-
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Practice Guideline Implementation
The practice guideline used in the
EDCAP Trial consisted of 4 recom-
mendations for initial processes of
care for patients hospitalized from
the emergency department: assess
arterial oxygenation on presenta-
tion; obtain 2 blood cultures before
antibiotic administration; initiate
antibiotic therapy within 4 hours of
presentation; and appropriately se-
lect empiric antibiotic therapy. All 4
processes of care were recom-
mended by medical society guide-
lines preceding the trial.5

Baseline Data Collection
We collected data on patient
demographics, comorbid condi-
tions, physical examination find-
ings, laboratory and radiographic
findings, and medical treatments.
We also collected information on
emergency department medical

providers and participating emergency departments.

Performance of Processes of Care
We documented the performance of the guideline-recom-
mended processes of care by reviewing medical records. We
defined the assessment of arterial oxygenation as the per-
formance of pulse oximetry or an arterial blood gas in the
emergency department. We defined administration of ap-
propriate antibiotic therapy as the prescription of guideline-
recommended drug(s) for patients admitted to a hospital
ward, an intensive care unit, or coronary care unit from the
emergency department. We determined whether blood cul-
tures were performed before initiation of antibiotic therapy.
The time interval between presentation and initiation of
antibiotic therapy denoted whether the first dose of antibi-
otic therapy was received within 4 hours. We created a
categoric summary measure (0-2, 3, and 4) of the total
number of individual processes of care performed.

Patient Outcomes
Our primary study outcome was mortality 30 days after
presentation. During the index hospitalization, we assessed
length of stay in days (median and interquartile range) and
intensive care unit or coronary care unit admissions for
cardiac ischemia or arrhythmia, respiratory failure, or he-
modynamic compromise. We also assessed readmission
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Table 1 Baseline Patient, Provider, and Site Characteristics by Total Number of Processes of Care Performed*

Cumulative No. of Processes of Care Performed

Provider Characteristics
0-2
(n � 534)

3
(n � 837)

4
(n � 705)

All Inpatients
(n � 2076) P Value*

Demographics
Median age, y 75 74 74 74 .93
Women, % 53.0 51.7 49.1 51.2 .36
Race and ethnicity, % .07

White, non-Hispanic 91.8 89.1 90.5 90.3
Black, non-Hispanic 6.2 8.1 8.2 7.7
Hispanic 2.1 2.2 1.3 1.8
Other† 0.0 0.6 0.0 0.2

Nursing home resident 4.7 6.1 6.2 5.8 .45
Health insurance, % .45

Health maintenance organization 24.9 24.4 25.3 24.8
Fee for service 70.0 72.5 70.6 71.2
Uninsured or unknown 5.1 3.1 4.1 4.0

omorbid conditions, %
Neoplastic disease 3.9 3.6 3.4 3.6 .88
Liver disease 1.7 0.6 0.6 0.9 .06
Congestive heart failure 17.4 19.2 21.3 19.5 .23
Cerebrovascular disease 10.7 10.5 12.1 11.1 .59
Renal disease 4.5 5.4 4.3 4.8 .56
Cognitive impairment‡ 5.8 5.6 6.2 5.9 .87
History of coronary artery disease‡ 26.6 27.4 28.8 27.7 .67
Chronic pulmonary disease‡ 39.1 41.0 35.7 38.7 .11
Diabetes mellitus‡ 21.4 25.3 26.1 24.6 .13
�1 of the above conditions 73.8 75.8 72.8 74.2 .40

hysical examination findings, %
Altered mental status 5.4 5.7 5.4 5.5 .95
Temperature � 35°C or � 40°C 1.9 2.5 2.3 2.3 .74
Pulse � 125 beats/min 9.7 12.9 13.4 12.3 .12
Respiratory rate � 30 breaths/min 11.1 16.4 17.1 15.2 .007
Systolic BP � 90 mm Hg 2.4 1.7 2.8 2.3 .30

aboratory and radiographic findings, %
Arterial pH � 7.35 14.3 13.9 10.6 13.0 .54
Blood urea nitrogen � 30 mg/dL 23.0 22.6 19.5 21.7 .24
Sodium � 130 mEq/L 5.3 4.9 6.7 5.6 .29
Glucose � 250 mg/dL 8.1 7.6 7.4 7.7 .90
Hematocrit � 30% 8.6 5.8 6.4 6.7 .13
Oxygen desaturation 27.3 31.1 32.2 30.5 .17
Radiographic pleural effusion 19.2 19.9 19.2 19.5 .93

SI, % .12
Class I 9.2 7.4 6.7 7.6
Class II 21.5 20.1 17.3 19.5
Class III 24.7 24.1 24.4 24.4
Class IV 33.5 36.6 41.7 37.5
Class V 11.1 11.8 9.9 11.0

reatments before presentation, %
Home oxygen therapy 9.9 10.4 8.1 9.5 .28
Oral or inhaled corticosteroid therapy 18.2 14.8 14.8 15.7 .18
Antibiotic therapy in past 7 d 19.7 16.0 11.6 15.5 �.001

ther Characteristics, %
Suspected aspiration 2.3 1.8 1.1 1.7 .31
Physician order limiting resuscitative
efforts

4.1 4.2 3.8 4.1 .94

Presentation at night or on a weekend 45.7 47.0 50.5 47.8 .20
rovider Characteristics

Gender (male), % 78.7 83.6 84.7 82.7 .08
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Statistical Analyses
We used chi-square and Kruskal-Wallis tests to compare
baseline patient characteristics. We used the Rao and Scott
second-order corrected Pearson chi-square test statistic to
compare provider and site characteristics across the number
of processes of care performed, accounting for the cluster-
ing of patients at the provider and site levels.26,27

To assess associations between process measures and
patient outcomes, we used multilevel logistic regression
modeling to account for the clustering of patients within
providers and sites. For length of stay analyses, these mul-
tilevel models were calculated using discrete proportional
hazards models, with patients who died during the index
hospitalization censored on death. We adjusted for baseline
severity of illness using PSI risk class and patient, provider,
and site characteristics not included in the PSI (listed in
Table 1).

To allow comparisons to studies conducted in Medicare
populations,15-18 we used similar methods to analyze the
multivariable associations between process measures and
patient outcomes for patients aged 65 years or more. Be-

Table 1 Continued

Cumulative N

Provider Characteristics
0-2
(n � 534)

Year of medical school graduation, %
�1990 37.9
1980-1989 39.4
1960-1979 22.8

No. of shifts worked per month, %
�12 76.4
5-11 15.4
1-4 8.3

mergency department director, % 7.1
ite Characteristics

Study intervention group,§ %
Low-intensity 40.1
Moderate-intensity 33.7
High-intensity 26.2

mergency department characteristics, %
Urban location 91.8
Affiliated with a teaching hospital 48.9
Pneumonia pathway used 64.4
Pneumonia order form used 31.1
Have residents that treat patients 32.2

BP � blood pressure; PSI � Pneumonia Severity Index.
*We compared patient characteristics by the total number of processes

Kruskal-Wallis tests for age. Comparisons of provider and site characte
department sites. Calculations were made at the patient level for all cha
for physical examination findings, laboratory and radiographic findings, a
For these characteristics, data were missing for � 5% of patients except

†Other races and ethnicities consist of Asian/Pacific Islanders, Nativ
‡Comorbid conditions not contained in the PSI.
§Study sites were randomized to low-, moderate-, or high-intensity g
cause admission to an intensive care unit or coronary care
unit from the emergency department affects the definition of
appropriate antibiotic therapy, we also assessed the effects
of such admissions and their timing (ie, on or after the day
of presentation) on associations between process measures
and patient outcomes.

We conducted all statistical analyses using Stata 11
(StataCorp LP, College Station, Tex) and MLwiN 2.02
(University of Bristol, Bristol, UK). Two-sided P val-
es � .05 were considered statistically significant.

RESULTS
We enrolled 3615 (80.2%) of 4506 eligible patients and
excluded 414 patients from process of care analyses. This
study focuses on the 2076 hospitalized patients in the
EDCAP Trial.

Patient, Provider, and Site Characteristics
The median age of patients was 74 years, 51.2% were
women, 90.3% were non-Hispanic white, and 51.5% were
in the 3 lowest PSI risk classes (Table 1). Of the 378

rocesses of Care Performed

3
(n � 837)

4
(n � 705)

All Inpatients
(n � 2076) P Value*

.61
37.7 33.8 36.4
38.0 42.3 39.8
24.3 24.0 23.8

.90
76.1 75.6 76.0
16.9 17.0 16.5
7.1 7.4 7.5

13.3 18.3 13.4 �.001

�.001
26.5 18.4 27.3
33.7 28.2 31.8
39.8 53.3 40.9

93.2 93.9 93.1 .58
44.8 44.1 45.6 .30
64.5 70.1 66.4 .09
33.1 37.2 34.0 .12
29.0 23.1 27.8 .009

performed using 2-sided chi-square tests for categoric variables and with
ccount for the clustering of patients within providers and emergency

tics and are based on the entire inpatient population (n � 2076) except
ider characteristics, for which denominators are based on available data.
rial pH, for which data were available for 546 patients (26.3%).
cans or Alaskan Natives, and uncategorized.

e implementation strategies.
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worked 12 or more shifts per month. Most (90.6%) of the 32
emergency departments were located in urban areas, and
50.0% were affiliated with teaching hospitals.

Performance of Processes of Care
Overall, 2027 patients (97.6%) had an assessment of arterial
oxygenation, 1314 patients (63.3%) received 2 blood cul-
tures before antibiotic therapy, 1632 patients (78.6%) re-
ceived the first antibiotic dose within 4 hours, and 1308
patients (63.0%) received appropriate antibiotic therapy
(Table 2). Cumulatively, 534 patients (25.7%) received 0 to
2 processes of care, 837 patients (40.3%) received 3 pro-
cesses of care, and 705 patients (34.0%) received all 4
recommended processes of care. Patients admitted to an
intensive care unit or coronary care unit on the day of
admission were less likely to receive appropriate antibiotic
therapy compared with patients never admitted to such a
unit or admitted � 1 day after hospitalization (40.4%,
64.8%, and 60.9%, respectively; P �.001).

Patient Outcomes
A total of 141 patients (6.8%) died within 30 days, 275
patients (13.3%) were admitted to an intensive care unit or
coronary care unit during the index hospitalization (141 on
day of admission), and 175 patients (8.8%) were rehospi-
talized within 30 days of presentation. Overall, the median
length of stay was 5 days (interquartile range 3-7).

Mortality was higher in the 1476 patients aged 65 years

Table 2 Performance of Individual Processes of Care for Select

Patient Subgroups
Oxygenation
Assessment (%)

All inpatients (N � 2076) 97.6
Processes of care performed (No.)*

0-2 (N � 534) 93.4
3 (N � 837) 98.3
4 (N � 705)* 100.0*

Age (y)
�65 (N � 600) 97.8
�65 (N � 1476) 97.6

ICU or CCU admission
Never (N � 1792) 97.7
Day of admission (N � 141) 98.6
�1 d after admission (N � 133) 96.2

Study intervention group§
Low-intensity (N � 566) 96.3
Moderate-intensity (N � 661) 99.1
High-intensity (N � 849) 97.4

ICU � intensive care unit; CCU � coronary care unit.
*Patients who had all 4 processes of care performed by definition

comparisons for these patient subgroups because the individual processe
†P �.05 based on a 2-sided chi-square test.
‡P �.001 based on a 2-sided chi-square test.
§Comparisons of study intervention group use the Rao and Scott seco

patients within providers and sites and test for an ordinal association b
or more compared with younger patients (8.6% vs 2.4%,
P �.001) and in the 275 patients who were ever (versus
never) treated in an intensive care unit or coronary care unit
(18.2% vs 5.1%, P �.001). Median length of stay was
longer for patients aged 65 years or more compared with
younger patients (median 5 days, interquartile range 3-8 vs
median 4 days, interquartile range 3-6; P �.001). None of
the study outcomes differed significantly by intervention
arm.

Associations of Processes of Care and
Mortality
As shown in Table 3, mortality was 0.3% to 1.7% lower for
patients who had each of the individual processes of care
performed compared with those who did not (P �.13 for
ach). Mortality was 7.5% and 7.2% for patients who had 0
o 2 and 3 processes of care performed, respectively, com-
ared with 5.8% for patients who had all 4 performed
P � .39). The adjusted odds ratios (ORs) for mortality were
onsignificantly reduced for each process of care (ranging
rom 0.7 to 0.9; P �.13 for each).

Associations of Processes of Care and
Secondary Outcomes
The unadjusted point estimates for secondary patient
outcomes are provided in Table 4. The adjusted ORs
(Table 5) of the independent associations between indi-
vidual processes of care and cumulative number per-

ient Subgroups

d Cultures
re Antibiotic
inistration (%)

Antibiotic
Administration
within 4 Hours (%)

Appropriate
Antibiotic
Therapy (%)

.3 78.6 63.0

.5 43.8 15.2

.5 82.8 62.4

.0* 100.0* 100.0*

.8 79.0 62.3

.5 78.5 63.3

.1† 78.3† 64.8‡

.2† 85.8† 40.4‡

.4† 72.9† 60.9‡

.5‡ 77.0 50.0‡

.6‡ 79.7 59.6‡

.2‡ 78.8 74.3‡

0% of all processes of care performed. We did not perform statistical
re and the cumulative number performed are interdependent.

er corrected Pearson chi-square statistic to account for the clustering of
study intervention group and the performance of each process of care.
ed Pat
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with the point estimates. Performance of blood cultures
before antibiotic therapy was associated with an increased
adjusted odds of intensive care unit or coronary care unit
admission (OR, 1.4; 95% confidence interval [CI], 1.0-1.9);
antibiotic administration within 4 hours was associated with a
decreased adjusted odds for length of stay (OR, 1.2; 95% CI,
1.1-1.4); and appropriate antibiotic therapy was associated
with a decreased adjusted odds of intensive care unit or coro-
nary care unit admission (OR, 0.5; 95% CI, 0.4-0.7). Patients
who had 4 processes of care performed had a decreased ad-
justed odds for length of stay relative to those with 0 to 2
processes of care performed (OR, 1.2; 95% CI, 1.1-1.4).

Subgroup Analyses
None of the individual processes of care or the cumulative
number performed was significantly associated with 30-day
mortality in patients aged 65 years or more. The magnitude
of the associations between antibiotic administration within
4 hours and the number of processes of care performed and
decreased length of stay were similar across both age strata.

For patients treated on a medical ward for 1 or more days
after hospitalization, there were no independent associations
between appropriate antibiotic therapy and length of stay
(OR, 1.1; 95% CI, 0.95-1.2) or subsequent intensive care
unit or coronary care unit admission (OR, 0.8; 95% CI,
0.5-1.1). For patients never treated in an intensive care unit
or coronary care unit, antibiotic administration within 4

Table 3 Unadjusted and Multivariable Associations of Processe

Processes of Care Performed

Mortality

n/N

Oxygenation assessment
No 4/47
Yes 137/2015

Blood cultures before antibiotic administration
No 53/757
Yes 88/1305

Antibiotic administration within 4 h
No 34/443
Yes 107/1619

Appropriate antibiotic therapy
No 60/761
Yes 81/1301

Cumulative No. performed
0-2 40/531
3 60/829
4 41/702

CI � confidence interval; OR � odds ratio.
*n denotes the number of patients who died within 30 days, and

incomplete follow-up were excluded from the denominator in the calcul
completed for 2062 (99.3%) of all 2076 patients.

†Unadjusted statistical comparisons of mortality by the processes of
‡All ORs in this table were adjusted for PSI risk class and additional ba

using multilevel logistic models.
hours and the number of processes of care performed both l
remained independently associated with a decreased length
of hospital stay.

DISCUSSION
In this multicenter study of 2076 patients hospitalized with
pneumonia, we found no associations between 30-day mor-
tality and 4 commonly recommended evidence-based pro-
cesses of care. Despite recent consensus medical specialty
society guidelines recommending that local implementation
of guidelines address a comprehensive set of processes of
care with the goal of improving patient outcomes,3 we also

ere unable to identify any associations between the cumu-
ative number of processes of care performed and mortality.
either did we find associations between the individual or

umulative process measures and the 30-day hospital read-
ission rate, an outcome systematically tracked by the
MS as a quality metric for US hospitals.28

Although our observed association between rapid ini-
tiation of antibiotic therapy and decreased length of stay
is consistent with the results of previous studies,16,19 the

echanism underlying this association remains unclear.
t the patient level, it is possible that rapid antibiotic

herapy leads to more rapid physiologic return to clinical
tability and readiness for hospital discharge. At the
rovider level, clinicians who are compliant with this
ecommended process of care may more efficiently man-
ge patients hospitalized for pneumonia. At the system

are Performed and Mortality at 30 Days

P Value†
Adjusted OR for
Mortality (95% CI)‡ P Value%)*

8.5) .68 Reference
6.8) 0.7 (0.2-2.2) .58

7.0) .77 Reference
6.7) 0.9 (0.6-1.3) .62

7.7) .46 Reference
6.6) 0.7 (0.5-1.1) .16

7.9) .13 Reference
6.2) 0.8 (0.5-1.2) .23

7.5) .39 Reference
7.2) 0.9 (0.5-1.3) .50
5.8) 0.7 (0.4-1.1) .13

tes the number of patients with follow-up for mortality. Patients with
f the frequency (n/N, %) for this outcome. Follow-up for mortality was

rformed were tested using univariate multilevel models.
atient, provider, and site characteristics shown in Table 1, and calculated
s of C
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guideline-recommended processes of care potentially
have organizational cultures or structures that maximize
efficiency of care.

Two observed independent associations between individ-
ual processes of care (ie, performance of blood cultures and
appropriate selection of antibiotic therapy) and intensive

Table 4 Unadjusted Associations of Processes of Care Perform

Processes of Care Performed

Length of
Stay, Days
Median (IQR) P Value

Oxygenation assessment
No 5 (3-7) .77
Yes 5 (3-7)

lood cultures before antibiotic
administration
No 5 (3-8) .55
Yes 5 (3-7)

ntibiotic administration within 4 h
No 5 (3-8) .02
Yes 5 (3-7)

ppropriate antibiotic therapy
No 5 (3-8) .04
Yes 5 (3-7)

umulative No. performed
0-2 5 (3-8) .04
3 5 (3-7)
4 5 (3-7)

IQR � interquartile range; ICU � intensive care unit; CCU � coronary
*Unadjusted comparisons of secondary outcomes by the processes of
†n denotes the number of patients with a secondary outcome, and N

incomplete follow-up or medical record review were excluded from the
Follow-up was completed for 2067 (99.6%) of all 2076 patients for leng
discharged from the hospital who were at risk for readmission within 30

Table 5 Multivariable Associations of Processes of Care Perfor

Processes of Care
Performed

Length of Stay
Adjusted OR*
(95% CI) P Value

I
A
(

Oxygenation Assessment 0.9 (0.7-1.3) .73 1
Blood cultures before
antibiotics

1.0 (0.9-1.2) .39 1

Antibiotic administration
within 4 h

1.2 (1.1-1.4) .002 1

Appropriate antibiotic
therapy

1.1 (1.0-1.2) .07 0

Cumulative No.
performed

3 (vs 0-2) 1.1 (0.9-1.2) .29 1
4 (vs 0-2) 1.2 (1.1-1.4) .004 0

OR � odds ratio; CI � confidence interval; ICU � intensive care unit;
*All ORs were adjusted for PSI risk class and additional baseline pa

calculated with multilevel logistic regression models that accounted for
multilevel models were calculated using discrete proportional hazards mod

of death.
care unit or coronary care unit admission in our study are
most likely explained by unmeasured confounding or selec-
tion bias. Clinicians’ decisions to obtain blood cultures
more frequently among patients admitted to an intensive
care unit or coronary care unit likely reflect their assess-
ments of increased severity of illness or their clinical sus-

Secondary Patient Outcomes

U or CCU Admission
/N (%)† P Value*

Hospital
Readmission
n/N (%)† P Value*

7/49 (14.3) .93 7/46 (15.2) .19
68/2018 (13.3) 168/1915 (8.8)

81/761 (10.6) .01 72/723 (10.0) .19
94/1306 (14.9) 103/1238 (8.3)

56/444 (12.6) .68 29/416 (7.0) .10
19/1623 (13.5) 146/1545 (9.5)

136/766 (17.8) �.001 64/713 (9.0) .92
39/1301 (10.7) 111/1248 (8.9)

71/534 (13.3) .17 47/503 (9.3) .40
123/834 (14.8) 76/786 (9.7)
81/699 (11.6) 52/672 (7.7)

it.
erformed were performed using univariate multilevel models.
s the number of patients with follow-up for that outcome. Patients with
nator in the calculation of the frequency (n/N, %) of these outcomes.
tay and ICU or CCU admission, and for 1961 (99.5%) of 1971 patients

d Secondary Patient Outcomes

Admission
d OR*
) P Value

Hospital Readmission
Adjusted OR*
(95% CI) P Value

-2.3) .94 0.4 (0.2-1.0) .05
-1.9) .03 0.8 (0.6-1.1) .16

-1.4) .96 1.4 (0.9-2.2) .10

-0.7) �.001 1.0 (0.7-1.4) .96

-1.5) .75 1.0 (0.7-1.5) .96
-1.1) .13 0.8 (0.5-1.2) .24

coronary care unit.
provider, and site characteristics shown in Table 1. Adjusted ORs were
stering of patients within providers and sites; for length of stay, these
h patients who died during the index hospitalization censored on the day
ed and
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picion of sepsis. The association of appropriate antibiotic
selection with a decreased rate of intensive care unit or
coronary care unit admission likely reflects the lower fre-
quency of compliance with guideline-recommended antibi-
otic therapy among patients who were admitted to such a
unit on the day of hospitalization, because of guideline
recommendations that require broader-spectrum antibiotic
regimens for this subgroup. That this association did not
exist in the 1925 patients treated on a medical ward for the
first day of hospitalization (of whom 133 subsequently re-
quired intensive care unit or coronary care unit admission)
supports this explanation and repudiates the argument that
appropriate antibiotic selection leads to decreased rates of
subsequent intensive care unit or coronary care unit
admission.

Our inability to detect associations between performance
of processes of care and mortality is consistent with some
previous studies,20,22 but inconsistent with others.14-18 We
suggest 3 possible reasons. First, in contrast with most
previous positive studies that focused on patients aged 65
years or more,15-18 our study included all adults. It is pos-
sible that the salutary effects of these processes of care are
larger in magnitude and more discernable in elderly pa-
tients. However, our subgroup analysis of patients aged 65
years or more did not reveal any significant associations
between processes of care and mortality. Second, it is pos-
sible that we adjusted more comprehensively for potential
confounders of process–outcome associations by control-
ling for baseline severity of illness with the PSI and a wider
array of patient, provider, and site-level covariates. Third,
our study was not designed to assess process-outcome as-
sociations, and it may have lacked sufficient power to detect
the observed 0.3% to 1.7% differences in mortality for
individual process measures in 2076 patients. Most of the
prior positive studies demonstrating significant process-out-
come associations had sample sizes exceeding 10,000 pa-
tients.15-18 In fact, for a process measure with a baseline
performance rate of 80% in a cohort with a baseline mor-
tality of 7%, a cohort of 38,000 would be required to detect
a 1% mortality difference with 80% power.

The lack of observed associations between recom-
mended process measures and mortality or hospital read-
mission, coupled with the observation that many of these
recommended processes of care already have reached or are
swiftly approaching ceiling levels of performance, raises
questions about their continued use as proxy measures of
health care quality for pneumonia. For example, assessment
of arterial oxygenation at presentation was “retired” as a
quality measure in 2009 by the CMS because it was per-
formed in more than 99% of patients hospitalized for pneu-
monia.29 Data from 2010 indicate that the remaining 7
pneumonia performance measures are all performed in more
than 90% of hospitalized patients.30 The use of aspirin and
eta-blockers for patients after acute myocardial infarction
r angiotensin-converting enzyme inhibitors for patients

ith chronic heart failure is supported by evidence from
arge randomized, controlled trials, and meta-analyses
howing survival benefits for these processes of care.31-33

Unfortunately, similar high-quality evidence does not exist
for pneumonia.

STUDY LIMITATIONS
Our study has several limitations. First, the study population
was limited to inpatients, whereas the majority of patients
with pneumonia are treated as outpatients. Because out-
comes are so favorable in outpatients, it would not have
been possible to assess associations between process mea-
sures and mortality in that subgroup. Second, our study is a
secondary analysis of data from a trial to assess the effec-
tiveness and safety of guideline implementation. It is pos-
sible that the exclusion criteria in the parent study limit the
generalizability of our findings. Third, performance of
the process measures in our study was at the discretion of
the managing physicians, making it more difficult to assess
nonconfounded process-outcome associations. However,
our adjustment for pneumonia severity of illness and mul-
tiple additional potential confounding variables likely rep-
resents the best approach to understanding associations be-
tween processes of care and patient outcomes in the absence
of randomized controlled trials of process measures for
pneumonia.

CONCLUSIONS
In our study of 2076 patients hospitalized with pneumonia,
we found no associations between processes of care and
mortality or hospital readmission within 30 days. Although
we observed small, albeit independent associations between
rapid initiation of antibiotic therapy and performance of all
recommended processes of care and decreased length of
hospital stay, the lack of consistent evidence associating
performance of pneumonia processes of care with improved
patient outcomes, coupled with current high national levels
of performance for these measures, casts doubts on their
continued utility as quality proxies for pneumonia. In the
future, researchers should conduct studies in larger popula-
tions to more definitively assess these process-outcome as-
sociations, and clinicians and policymakers need to care-
fully consider the next generation of quality measures for
pneumonia.
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